The main purpose of the present study was to compare the reference metabolic equivalent (MET) value and observed resting oxygen uptake (VO2) for defining cardiorespiratory fitness ( consequently underestimated when calculated using the reference MET value only for those with low VO2max (P = 0.005 to P < 0.001). In conclusion, the reference MET value considerably overestimated observed resting VO2 in men with low VO2max, resulting in underestimations of the maximal MET, exercise intensity prescription, and the energy cost of running.
Introduction
The metabolic equivalent (MET) has been used in various important applications relating to exercise and health, such as defining levels of cardiorespiratory fitness [17] , prescribing physical exercise [11] , and quantifying the energy cost of a wide variety of physical activities [1] . By convention, one MET is defined as a resting oxygen uptake (VO2) of 3.5 mL·kg -1 ·min -1 . A potential limitation in the application of this reference MET value, is that it seems to have been derived from the observed resting VO2 of a single 40-year-old man with a body mass of approximately 70 kg [7, 14, 30] . There is a growing body of empirical evidence that the reference MET value significantly overestimates mean resting VO2 in healthy adults [7, 10, 19] . A study involving 642 women and 127 men aged 18-74 years, for example, observed that the mean resting VO2 of 2.56 mLkg -1 min -1 was 29% lower than the reference MET value [7] .
Savage et al. [27] assessed the resting VO2 in a group of 109 (60 men and 49 women) overweight individuals with coronary heart disease. The mean VO2 at rest was 2.6±0.4 mL⋅kg -1 ⋅min -1 . This value was 36% lower than the widely accepted MET value of 3.5 mL⋅kg -1 ⋅min -1 and was similar to that reported by Byrne and Hills [6] . In another study with 125 healthy males aged 17-38 years, the mean resting VO2 of [10]. Errors when employing the reference MET value for different practical applications are therefore likely to occur. However, the extent of such errors has not been established.
Another issue is that a large inter-individual variation in resting VO2 has been observed. Age, sex, and body composition are well-established in explaining some of this variation [3, 24, 29] , but a factor that could help identify unexplained variance that has received little attention is cardiorespiratory fitness, as represented by the maximal oxygen uptake (VO2max). Kozey et al. [19] [21] . The observed mean ± SD resting VO2 of 4.3 ± 0.2 mL⋅kg -1 ⋅min -1 was 29% higher than the reference MET value of 3.5 mL⋅kg -1 ⋅min -1 . To our knowledge, however, the relationship between directly assessed VO2max and resting VO2 in a heterogeneous cohort has not been investigated.
Errors of overestimation and underestimation of resting VO2 have clear potential to influence the categorization of fitness when using the maximal MET, and determination of the energy cost of treadmill running. Hence the main purpose of the present study was to compare the reference MET value and observed resting VO2 with respect to these applications and the extent to which VO2max is associated with resting VO2. We hypothesized that the resting VO2 would be lower than the standard value in individuals with low VO2max, therefore resulting in underestimations of the classification of fitness based on the maximal MET, exercise intensity prescription, and energy cost of running. 
Materials and methods

Participants
Anthropometry
Total body mass and height were assessed respectively by digital balance scales (Welmy Skinfold thicknesses were obtained at three sites (chest, abdomen and thigh) using a Lange TM compass (Beta Technology Incorporated, Cambridge, Maryland, EUA) and body density and percentage body fat were estimated using the equations of Siri [28] and Jackson and Pollock [16] . Fat mass and fat-free mass were derived from total body mass and percentage body fat values. The same experienced investigator obtained all skinfold measurements.
Resting VO2 assessment
The resting VO2 was determined in accordance with the recommendations of Compher et al. [8] :
abstention of physical exercise, alcohol, soft drinks and caffeine in the 24 h preceding the assessment, fasting for 8 h preceding the assessment, and minimum effort when travelling to the laboratory. In the laboratory, the participants laid in a calm thermoneutral environment (mean ± SD temperature, 22.5 ± 1.5°C) for an acclimation period of 10-min, after which the VO2 was measured for 30-min in a supine position. The resting VO2 was taken as the average of the last 5 min of steady-state data (i.e. coefficient of variation ≤10% during 5 min), since this time period has been previously shown to elicit a VO2 steadystate and high test-retest reliability [9] .
Maximal and submaximal exercise tests
A ramp protocol was used to determine the VO2max. The workload increments were individualized to elicit each subject's limit of tolerance in 8-12 min [5] . The tests were considered maximal if at least three of the four following criteria were satisfied: a) maximum voluntary exhaustion defined by attaining a 10 on the Borg CR-10 scale; b) 90% of predicted . The energy cost of the running bout was calculated by the following formula: energy cost (kcal) = intensity classification based on observed or reference METs × body mass in kg × duration in hours [1] . To negate the confounding effects of the initial (fast) VO2 on-kinetics, the data for the first 3-min of the running bout were omitted from all analyses [19] .
Expired gases were collected during the maximal CPET and 30-min running bout using a VO2000
analyser (Medical Graphics TM , Saint Louis, MO, USA) and a silicone face mask (Hans Rudolph 
Statistical analyses
All statistical analyses were performed using Statistica 10 software (StatSoft TM , Tulsa, OK, USA).
Descriptive sample statistics are reported as the mean and standard deviation (SD). One-sample t tests were used to test the null hypotheses that there were no mean differences between the MET value and observed resting VO2, METmax, MET exercise intensity classification, and the energy cost of the running bout. The Pearson correlation was used to determine the relationship between VO2max and observed resting VO2. In addition, the median VO2max value was used as the criterion to categorize participants into low and high VO2max groups to investigate the influence of VO2max on the differences between the reference MET value and observed resting VO2 [lower VO2max (1 st part of the study: n = 55, VO2max (1 st part of the study: P = 0.842; 2 nd part of the study P = 0.778).
INSERT TABLE 1 Figure 1 shows the relationships between VO2max and resting VO2 relative to total body mass (A) and fatfree mass (B), which were strongly positively correlated in the 1 st part of the study (R = 0.71, P < 0.001; Table 2 shows the METmax, and the exercise intensity classification and energy cost of the 30-min running bout, calculated from the reference MET value and observed resting VO2. Overall, the values for METmax, exercise intensity, and energy cost of treadmill running were significantly underestimated when derived from the reference MET value of 3.5 mL·kg -1 ·min -1 (P = 0.007 to P < 0.001), especially for the groups with lower VO2max. In the 1 st part of the study, for example, the mean difference between reference vs.
observed METmax values increased from 8% (mean difference: 1.1 METs; P < 0.001) to 17% (mean difference: 2.1 METs; P < 0.001) when considering all participants vs. only the lower VO2max group. In the 2 nd part of the study, the level of underestimation of the observed exercise intensity and energy cost increased substantially from 14% (mean difference: 1.3 METs; P = 0.007) to 24% (mean difference: 2.6
METs; P = 0.007) and 15% (mean difference: 62 kcals; P = 0.005) to 24% (mean difference: 101 kcals; P = 0.001) (see Table 2 ). Unlike the lower VO2max group, there was no significant difference between the reference and observed MET intensities (P = 0.674) and energy cost of the treadmill running bout (P = 0.679) for the higher VO2max group.
INSERT TABLE 2
Discussion
The present study compared the reference MET value and observed resting VO2 for defining fitness using the maximal MET, prescribing exercise intensity, and quantifying the energy cost of treadmill running in a heterogeneous cohort of healthy men. The extent to which VO2max explained variance in resting VO2 also was investigated. The main finding was that the reference MET value of 3.5 mL·kg -1 ·min -1 overestimated resting VO2 in men with low VO2max, which resulted in underestimations of the maximal MET, exercise intensity prescription, and the energy cost of running.
The findings of the present study concur with previous studies [7, 10, 19 ] that one MET is not equivalent to a resting VO2 of 3.5 mL·kg -1 ·min -1 in heterogeneous adult cohorts. In fact, 74 (65%) of the 114 participants in the present study had observed resting VO2 values lower than 3.5 mL·kg -1 ·min -1 . There was, however, a strong positive correlation between directly assessed VO2max and observed resting VO2, meaning that overestimation errors in resting VO2 tended to mostly affect those with low VO2max.
The MET system has been used in research for defining levels of fitness as METmax values, particularly with respect to evaluating its prognostic value in predicting cardiovascular risk [2, 23] . The METmax is quantified using tables of the energy cost of running based upon treadmill speed and slope and dividing by the reference MET value of 3.5 mL·kg -1 ·min -1 . The findings of the present study revealed that METmax was significantly underestimated in low cardiorespiratory groups when calculated from the widely accepted reference MET value. The same limitation of the MET system was reported within the context of exercise prescription, where the adoption of the reference MET value resulted in unacceptably large underestimation errors for treadmill running intensity and energy cost compared to when the observed resting VO2 was used. These errors therefore mostly affect low fitness individuals, which are the least likely to be meeting physical exercise recommendations for promoting health.
Another issue is the large inter-individual variation in observed resting VO2 identified in previous research [7, 10, 19] , as well as the participants in the present study (see Table 1 ). Byrne et al. [7] reported that 62% of this variation could be explained by differences in fat mass and fat-free mass, whilst age explained only 14%. Additionally, BMI was strongly positively correlated with fat mass (r 2 = 0.93, P < 0.001), and the variance in resting VO2 was also well explained by a combination of BMI, age and gender. These findings were not supported by Cunha et al. Table 1 ).
In conclusion, the reference MET value of 3.5 mL·kg -1 ·min -1 overestimated resting VO2 in a relatively large group of apparently healthy men, aged 18-38 years. In a practical context, the reference MET value demonstrated relatively poor accuracy in defining fitness using the maximal MET, prescribing exercise intensity, and quantifying the energy cost of treadmill running in men with low VO2max, causing underestimation errors with respect to these three applications. On the other hand, minimal errors were observed in participants with high VO2max. Further research needs to be conducted to investigate the applicability of the reference MET value in specific populations. FFM = fat-free mass. * Significantly lower than the reference MET value of 3.5 mL·kg -1 ·min -1 (P < 0.01). † Significantly lower than the observed resting VO2 for the higher VO2max group (P < 0.001). given.
